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ABSTRACT: Zinc doped Tin oxide nanoparticles were synthesized by chemical precipitation method. The 
synthesized metal oxide nanoparticles were characterized by SEM, XRD, FT-IR, and UV-Visible respectively. The 
average crystallite size of pure and Zn-doped SnOz nanoparticles was calculated from the X-ray diffraction (XRD) 
pattern. The results of FT-IR spectrum reveal the strong presence of SnOz nanoparticles. The morphology and the 
particle size were studied using the scanning electron microscope (SEM). The optical property was studied by the 
UV-Visible absorption spectrum. The overall results suggest that the synthesized samples are suitable for various 


applications including for the development of solar cells and dye degradation. 
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1. INTRODUCTION 

Tin oxide (SnOz) is an n-type with a wide band gap 
(Eg= 3.6 eV) semiconductor has attracted great 
research interact for decades due to its potential 
applications in photo catalysts, chemical sensors 
transparent conducting electrodes, Dye sensitized solar 
cell and so on. In addition, SnOz based nano materials 
have been extensively studied and have served as gas 
sensor for environmental and industrial applications. It 
has been demonstrated that the gas sensitivity of SnOz 
based gas sensor increases drastically as the size of the 
SnOz crystallites decreases below nearly 10 nm. The 
properties of SnOz nanostructures can be enhanced by 
a number of ways like impurity adding (doping), 
coating with surfactants and annealing. 


Several methods have been employed to prepare 
nanostructured SnO2 particles such as precipitation, 
hydrothermal, sol-gel and spary prolysis etc. Among all 
these techniques, chemical precipitation method is well 
suited for the synthesis of nanostructured materials 
because of its relatively low processing cost and ability 
to control the grain size of the crystallite [1]. As Zn 
have wide and direct band gap, large excitation binding 
energy, high electron mobility and high thermal 
mobility. So it may be used as a dopant to study the 
change in characteristic of SnO2 nanoparticles. That’s 
why in present study we have successfully synthesized 
and characterize nano-size Zn doped SnO2 particles by 
using chemical precipitation method [2]. 
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2. MATERIALS AND METHODS 
2.1. Preparation of pure SnOz nanoparticles 

Take 6g of tin oxide and it was dissolved and it was 
dissolved in 200ml distilled water and the mixture was 
stirred for 20 minutes using magnetic stirrer. Few 
drops of Ammonia is added in drops to the solution to 
maintain pH level at 8. The mixture was stirred for 30 
minutes using magnetic stirrer. The solution was 
placed in microwave oven for 30 minutes and dried in 
muffle furnace for 400°C for 4 hours. The dried 
precipitate is grinded in mortor to get SnOz nano 
powders. 
2.2. Preparation of Zn doped SnOz nanoparticles 

Take 6g of tin oxide and it was dissolved in 100ml 
distilled water and stirred for 1 hour using magnetic 
stirrer. 0.36g of Zinc acetate dihydrate was added to 
the above solution. The mixture was stirred for 30 
minutes. A few drops of Ammonia solution were added 
to maintain pH level at 8. After 5 hours stirring kept in 
microwave oven for 30 minutes, and then dried in 
muffle furnace at 400°C for 4 hours. The dried 
precipitate is grinded in mortar to get Zn doped SnOz 
nano powders. 


3. CHARACTERIZATION TECHNIQUES 
3.1. FT-IR Analysis 

Fourier spectroscopy is a general term that describes 
the analysis of any varying signal into its constituent 
frequency components. FT-IR spectroscopy includes 
the absorption, reflection, emission, or photo acoustic 
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spectrum obtained by Fourier transform of an optical 
interferogram. The spectrum was recorded in the 
range of 4000-400 cm* [3]. 
3.2. UV Analysis 

UV spectroscopy is type of absorption spectroscopy 
in which light of ultra-violet region (200-400 nm) is 
absorbed by the molecule which results in the 
excitation of the electrons from the ground state to 
higher energy state. UV absorption spectroscopy can 
characterize those types of compounds which absorbs 
UV radiation thus used in qualitative determination of 
compounds. Identification is done by comparing the 
absorption spectrum with the spectra of known 
compounds. This technique is used to detect the 
presence or absence of functional group in the 
compound [1-4]. 
3.3. XRD Analysis 

X-ray diffraction (XRD) is a powerful nondestructive 
technique for characterizing crystalline materials. It 
provides information on structures, phases, preferred 
crystal orientations, and other structural parameters, 
such as average grain size, crystallanity, strain, and 
crystal defects. X-ray diffraction peaks are produced by 
constructive interference of a monochromatic beam of 
X-rays scattered at specific angles from each set of 
lattice planes in a sample. The peak intensities are 
determined by the distribution of atoms within the 
lattice [5]. 
3.4, SEM Analysis 

The surface morphologies of synthesized HAp 
samples were analyzed using Scanning Electron 
Microscopic analysis (SEM). Energy dispersive 
spectroscopy is used to identify the elemental 
composition of the sample.SEM is characterized by its 
easy operation. Having that knowledge one (engineer) 
can manage to perform the analysis and imaging very 
smoothly [6]. 
3.5, EDAX Analysis 

The Energy Dispersive X-ray (EDX) microanalysis is 
involved in different biomedical fields of study due to 
its high sensitivity in detecting the different elements 
in tissues. In fact, EDX technique is made particularly 
useful in the study of drugs delivery in which the EDX 
is an important tool in order to detect nanoparticles 
.EDX technique is also used in the study of 
environmental pollution and identify the elemental 
composition of the sample [7]. 
4. RESULTS & DISCUSSION 
4.1. FT-IR ANALYSIS 

The Fourier Transform Infrared spectra was 
recorded on Perkin Elmer spectrometer in the range 
400-4000 cm using KBr pellets Fig.4.1 shows the FTIR 
spectra of pure SnOz and Zn doped SnOz2 nanoparticles. 
The strong peaks at1590 cm corresponds to N-H 
stretching. The peak at3614 cm corresponds to O-H 
stretching. The medium strong peaks at 1114 cm? 
corresponds to C-O stretching. The peak at 1593 cm? 
corresponds to C=O stretching. The observed bands 
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and their corresponding assignments are tabulated in 
the Table 4.1. The peak position has some small shifts 
in Zn doped SnOz nanoparticles. This shift is due to the 
interaction between Zn and SnOz. Moreover no new 
peaks are observed in the spectrum of Zn doped SnO2z 
nanoparticles. The results indicate the introduction of 
Zn does not damage the back bone structure of Zn 
doped SnOz and here is some interaction between them 


[8]. 
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Fig 1 FT-IR spectrum of pure SnO2 and Zn-SnO2 
Table 1 FT-IR spectrum of pure SnO, and Zn-SnO, 
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4.2. UV ANALYSIS 

In order to investigate optical properties and band 
gap energy of synthesized materials, UV-Vis 
spectroscopy was carried out on products. The 
absorption spectra of pure SnOz and Zn doped SnOz 
nano particles have been recorded over wavelength 
range 190 nm-1100 nm using a Perkin Elmer 
spectrometer at the room temperature. 
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Fig 2 UV analysis 
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The calculated values of the band gap energies of pure 
SnOz nanoparticles is found to be 4.25eV and for Zn 
doped SnO2z 4.33eV respectively [9]. The band gap 
energy gets decreases with the addition of dopant. 


4.3. XRD ANALYSIS 

The crystalline nature of nanocomposites is 
determined from XRD analysis. the XRD patterns of 
pure sno2 and Zn-SnO2 nanocomposites were recorded 
in the 2 6 range of 20°-80°using CuK A _ radiation(A 
=1.5406) as shown in Fig 3. 
Phase analysis was studied by X-ray diffraction. The 
mean crystalline size (D) of the particle was calculated 
from XRD line broadening measurement from the 
Debye-scherer formula [10]. 


D=kA /B cos 8 
D-average crystalline size, 


A- Wavelength of XRD, 
0- Bragg’s angle 


K-broadening constant, 
B- full width half maximum, 


If the shape is unknown, k is often assigned a value of 
0.89.The typical XRD patterns of pure and Zn doped 
SnOz nanoparticles. The pure nano structured SnOzas 
shown in Fig 3. The diffraction peaks of SnOz 
nanoparticles at 2e=26.7°, 34.0°, 39.1° and 64.9° are 
clearly distinguishable and could be indexed to the hkl 
planes are (110),(101),(111),(211) tetragonal phases 
were observed. The results are good in agreement with 
the standard data file (JCPDS Card No: 41-1445). The 
calculated average crystalline size(D) of SnOz nano 
particle is 14.02nm. The calculated average crystalline 
size (D) of Zn doped SnO2z nanoparticles is 14.30nm. 
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Fig.3. XRD analysis 


4.4. SEM ANALYSIS 

The SEM analysis was used for the morphological 
study of pure SnOz and Zn doped SnOz nanoparticles. 
Fig 4 image shows SEM image of SnOz which is 
agglomerate nanoparticles. Fig 4.1 SEM image of Zn 
doped SnOz with the addition of Zn content it shows 
agglomerate shape. 
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Table 2 XRD analysis for pure SnO2 and Zn doped 
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Pure SnO:z nano particles 


Fig 4 Pure Sn02 + particles 


Zn doped SnOz nanoparticles 


Fig 4 4.1 Zn doped sn02 nano particles 


Table 3 EDAX analysis pure SnO2 and Zn doped 


SnOz nano particles 


Sample Wt% Wt% of Wt% of 
name ofTin | Oxygen | Zinc (Zn) 
(Sn) (0) 
Pure SnO2z 68.41 31.59 - 
Zn doped 
68.12 30.15 1.74 
SnO2 
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4.5. EDAX ANALYSIS 

Energy dispersive X-ray spectroscopy (EDAX) is a 
qualitative and quantitive X-ray micro analytical 
technique that can provide information on the chemical 
composition for elements with atomic number greater 
than three. The EDAX of pure SnOzand Zn doped SnO2 
nano particles are shown in Fig 5 and Fig 5.1. It 
demonstrates the purity of sample. The inhibition zone 
of microbes for pure SnOz2 and Zn doped SnOz2 nano 
particles are tabulated in Table 4.4. 
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Fig 5 EDAX analysis Pure SnOz nano particles 
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Fig 5.1 EDAX analysis Zn doped SnOz nano particles 
5. CONCLUSION 


In summary, Zinc Doped Tin Oxide Nanoparticles 
have been successfully synthesized using simple 
chemical precipitation method. The band gap energy 
decreased with the addition of dopant. SEM images 
show the agglomerated nanoparticles for pure SnO2z 
and for Zn doped SnOz shows cluster formation. XRD 
patterns of samples show that all samples exhibit 
tetragonal structure with no secondary phases. The 
calculated average crystalline size (D) of pure SnO2z 
nanoparticles is 14.02nm and Zn doped Sn0Oz2 
nanoparticles the average crystalline size (D) 14.30nm. 
The crystalline size of SnOz nanoparticles gets slightly 
increases with the addition of dopant. 
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The main task of the future work is to enhance the 
photocatalytic degradation of methylene blue (MB) 
under UV-light irradiation by using SnO2 that combined 
with nanographene platelets (NGP) composite 
catalysts. The chemical synthesized Zn doped Sn0O2 
nano particles may be used as photo catalyst, dye 
degradation, antibacterial agent and solar cell 
applications. 
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